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© The present invention relates to an arrangement 
for a multiple light path, which may be used for a 
wireless optical audio and/or video communication 
system. 

Known systems use a direct wireless infrared 
connection. It has been found that such a connection 
is not reliable enough. 

It is the object of this invention to realise a reliable 
infrared connection between different devices. 
This is realised by a two path connection. A first 
path is realised by a wireless connection and a 
second path is realised by a transmission at least 
partially through an optical fibre. 
Furthermore this invention presents a special lens 
and a special photo light emitting diode for the 
realisation of the two path infrared connection. 

The invention can used e.g. for the connection 
between a television set and a video cassette re- 
corder. 
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The present invention relates to an arrange- 
ment and a method for a multiple light path, which 
may be used for a wireless optical A/V (audio 
and/or video) communication system. 

It is well known to provide an optical link by 
infrared (IR) ray between different cooperating de- 
vices, like e.g. between an audio receiver and a 
headset, between a remote controler and a TV set, 
between a video tape recorder (VTR) and a TV set. 
Each of these devices have an IR receiver and/or 
an IR transmitter in front of each other, respec- 
tively. Thereby a wireless optical communication 
system can be realised if the light power and 
divergence angle are properly set. 

It has been found that the communication be- 
tween said cooperating devices can be disturbed 
or even be interrupted due to the fact that the IR 
ray connection is disturbed. This can happen due 
to different reasons, like e.g. dust, persons, ani- 
mals, etc. 

It is the object of the present invention to 
reduce such communication disturbances. 

This object is solved by the invention accord- 
ing to the independend claims. Advantageous em- 
bodiments are protected by the subclaims. 

According to the present invention at least two 
optical links are provided between the cooperating 
devices; or more precisely between an optical 
transmitter, which may include a light emitting area 
like a light emitting diode (LED), a laser or thelike 
and an optical receiver, which may include a light 
receiving area like a photo detector, a photo diode 
(PD) or thelike. In the further description the light 
emitting area is also called LED and the light 
receiving area is also called PD without any restric- 
tions to the present invention. 

At least one optical link is realised by the IR 
transmission from an optical transmitter to an op- 
tical receiver via air. And at least one other optical 
link is realised by IR transmission from the optical 
transmitter at least partially via an optical fibre to 
the optical receiver. 

Although the further description of the invention 
is done with the aid of a TV set and a VTR, it may 
be mentioned that the invention is not restricted to 
such cooperating devices. 

For reducing the costs of the optical transmitter 
and/or the optical receiver it is proposed for a 
preferred embodiment to use a lens body which is 
linked to the light emitting area or to the light 
receiving area, respectively. By the lens body the 
optical signal of the emitting area can be guided as 
well into the air as into an optical fibre. Using such 
a lens body for the receiving area, optical rays may 
be led as well from air as from an optical fibre. 

The lens body has at least one small portion of 
a reflective element which is built into the lens 
body and forms the entry and/or end area for an 
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optical fibre path. The reflective element makes an 
angle with the direction of incoming or outgoing 
beams. Said reflective layer guides into the lens 
incoming ray into a beam waveguide stud or op- 

5 tical fibre sideways provided at lens. This stud is 
preferably manufactured from the material which 
has the same optical characteristics as the lens. 
The lens itself is preferably a plastic spherical lens 
having a levelled side, where may be arranged the 

io LED or the LP. To the optical fibre may be also 
arranged a LED or PD. By using a LED and PD 
with the modified lens, it is possible to have a 
multiple light path, namely for example, a LED can 
transmit ray into air and into an optical fibre si- 

75 multaneously and a PD can receive ray from air 
and from an optical fibre simultaneously. 

The reflective element of the lens body can be 
realised as reflective layer which may be coated 
with reflective material. The reflective element can 

20 also be realised without coating a surface for re- 
flection or without using a half mirror. 

The mostly used lens body in connection with 
LED or PD is optical plastic and therefore a mul- 
tiple light path arrangement is provided by a trian- 

25 gular cavity within a plastic lens body. 

The reflective indexes of air and of optical 
plastic such as polymethylmethacrylate are about 1 
and 1.5 respectively, and their critical reflective 
angles are about 45 degrees. 

30 Therefore, if a triangular cavity having about 45 
degrees is made in the plastic, the part which is 
angular to the levelled side of the lens becomes 
reflective because it is exposed to air, and it is not 
necessary to arrange and to coat a surface for 

35 reflection by any material. 

The angular part of the cavity forms a reflective 
wall and forms the entry and/or radiance area for 
an optical fibre path which is sideways arranged. 
The reflective wall guides into the lens incoming 

40 ray into a beam waveguid or optical fibre which is 
sideways provided at lens. 

In principle it is also possible to built into a 
lens more than one reflective element. 

A further embodiment of the invention includes 

45 a special element which works as well as LED as 
as receiver PD. 

LEDs are well known. The LEDs are made in 
such a way that they should have a maximum 
emission efficiency of light. PDs are also well 

so known and are made in such a way that they have 
a maximum sensitivity for light. 

However for a wireless optical audio and video 
(AV) communication system it is desirable to have 
only one optical element which makes it possible 

55 to transmit and to receive simultaneously modu- 
lated optical signals. 

It is one aspect of this embodiment to provide 
a photo light emitting diode, in the following called 

2 
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PLED, which may be used for simultaneously 
transmission/receiving of modulated optical signal 
and may be manufactured as one unit on the same 
chip. 

The PLED used in this embodiment has a PD 
part and a LED part which are arranged side by 
side at the same chip. Afterwards the PLED chip is 
arranged in a small pan or cup and connected to 
exterior electrodes. 

Further details and advantages will now be 
described with reference to embodiments and ac- 
companying drawings, in which: 

Fig. 1 shows a first embodiment for receiv- 
ing IR signals simultaneously via two 
paths; 

Fig. 2 shows a second embodiment for 
transmitting IR signals simultaneous- 
ly via two paths; 

Fig. 3 shows a side view of a lens body 
and according radiation paths; 

Fig. 4 shows schematically three views of 
the lens body of fig. 3; 

Fig. 5 shows schematically the connection 
of an optical fibre to the lens body; 

Fig. 6 shows a wedge cavity within a plastic 
body; 

Fig. 7 illustrates the principle of reflection; 
Fig. 8 shows a mould for manufacturing a 

lens body for a multiple light path 

arrangement; 
Fig. 9 shows a PLED chip including a PD 

and a LED part; 
Fig. 10 illustrates the basic construction of 

PLED; 

Fig. 11 illustrates steps for manufacturing a 
PLED; 

Fig. 12 shows an arrangement with PLED for 

light reception via fibre; 
Fig. 13 shows an arrangement with PLED for 

light transmission via fibre; 
Fig. 14 illustrates an example for frequency 

allocation; 

Fig. 15 shows a block diagram for a wireless 
optical communication system. 

A first embodiment of a wireless optical com- 
munication system according to the invention is 
shown in Fig. 1 . 

In Fig. 1 a photo detector 10 is arranged at a 
levelled side of a modified spherical lens body 1 1 
near the focal point 12 and receives rays simulta- 
neously as well from a first light emitting diode 
(LED) 13 as from a second LED 14. 

The ray from the first LED 13 comes through 
air and passes the lens body 1 1 and the ray from 
the second LED 14 comes through an optical fibre 
15 connected with a stud 16. The stud 16 guides 
the ray to a reflective element 17 where the direc- 
tion is changed and afterwards rays are directed 



also to the PD 10. This embodiment provides a 
dual light path arrangement for reception. 

Means with equal functions as in Fig. 1 have 
got the same reference numbers in the further 

5 description and will be explained only as far as it is 
necessary for the understanding of the invention. 

Fig. 2 shows a dual path arrangement for trans- 
mission. The difference compared to the embodi- 
ment of Fig. 1 is that a third LED 20 is provided at 

w the levelled side of the lens body 1 1 and that this 
LED 20 transmits rays via two paths simultaneously 
to a second PD 21 and to a third PD 22. 

A first part of the ray of the LED 20 passes the 
lens body 11 and radiates via air to the second PD 

75 21. A second part of the emitted ray is reflected at 
the reflective element 17 and passes via the stud 

16 and the optical fibre 15 to the third PD 22. 

Fig. 3 shows in more detail the lens body 11 
and the according rays. The lens body 11 has a 

20 convex surface 31 at one end and a levelled sur- 
face 32 at the other end. This lens body 11, also 
called a spherical lens, contains inside the reflec- 
tive element 17 and forms in connection with op- 
tical transmitters and receivers a multi light path 

25 arrangement. 

The lens body 11 is preferably a plastic spherical 
lens and the reflective element 17 is raised in this 
embodiment by a piece of flat metal. This element 

17 may be also a semi reflective layer which is 
30 raised by a metal evaporation. 

The reflective element 17 forms an angle with the 
optical axis of the lens. 

The reflective element 17 was brought into the 
spherical lens during the manufacturing process. 

35 First a beam waveguide which may be made from 
the same material as the plastic spherical lens or 
from an optical fibre is bevelled as a bevel at the 
end which shall be raised within the lens. Then the 
reflective element 17 is applied to the bevel and 

40 afterwards this prepared end of the beam 
waveguide is brought into a mould in that the 
plastic spherical lens will be shaped. Thereby the 
optical axis of the beam waveguide is orthogonal 
arranged to the optical axis of the spherical lens 

45 and the prepared surface is angled aimed to con- 
vex side of lens. The beam waveguide forms the 
stud 16 which protrudes from the side of spherical 
lens. This stuck out end is at its end prepared for a 
connection with an optical fibre or direct coupled to 

so a LED or PD. Therefore the end of stud 16 may be 
convex shaped and forms a second lens. The end 
of optical fibre may be also coupled to LED or PD. 

The reflective element 16 on the beam 
waveguide within the lens body 11 changes the 

55 direction of an incoming and outgoing ray or light 
especially by reflection of ray from or to the lev- 
elled side 32 of the spherical lens 1 1 as shown in 
Figures 1 and 2. 
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The spherical lens body 11 has the focal point 
12 outside and in front of the levelled side 22 of 
the spherical lens. 

Fig. 4 shows three different views of the lens 
body 1 1 , that is a top view, a side view (0) and a 
side view (90). 

The side view of Fig.4 illustrates that the stud 
16 is homogenous putted up within the spherical 
lens 11 and the reflective element 17 within the 
spherical lens 11 makes an optimum angle with the 
levelled side 32 of the spherical lens 11. The 
reflective element 17 extends from the surface at 
the side of spherical lens 1 1 to near the centre. 

For reducing a shadow effect of the reflective 
element 1 7 this can be realised as a semi reflective 
layer. It is also possible to minimise the diameter 
of stud 16. 

Fig.5 shows schematically an example for the 
arrangement concerning the lens body 11. The 
lens body 11 is connected with a fastener 51 and 
has for example the LED 20 or a PD (see Fig. 1) 
which is arranged at the levelled side 32. The 
fastener 51 connects the optical fibre 15 to the lens 
11 and gives optical fibre 15 the direction to the 
reflective element 17. The LED 20 or PD is prefer- 
ably moulded in the lens body 1 1 and it is moun- 
ted on an optical fibre fastener 51, which can also 
be called optical fibre receptacle. 

Fig. 6 illustrates a special wedge cavity 61 
within a plastic body of lens 11 which makes it 
possible to realise a reflective element 17 without 
coating the according surface. Fig. 7 shows the 
principle of reflection of this cavity 61. The princi- 
ple of this cavity 61 is as follow. 

The reflective indexes of air and of optical 
plastic, such as polymethylmethacrylate, are about 
1 and 1.5 respectively, and their critical reflective 
angles are about 45 degrees. 
Therefore, if a triangular cavity having about 45 
degrees is made in the plastic, the part which is 
angular to the levelled side 32 becomes reflective 
because it is exposed to air. In such a way it is not 
necessary to arrange and to coat a surface for 
reflection by any material. 

Fig. 8 shows a mould 81 having the contour of 
lens body 11 inside. This mould 81 can be used 
for manufacturing the multiple light path apparatus. 
A slide 82 is sideways arranged within this mould 
81 for forming up the wedge cavity 61 within lens 
body 11. Melted or liquid optical plastic is put into 
the mould 81. When the material is hardened the 
lens body 1 1 is pulled. 

A further embodiment of the multiple light path 
arrangement according to the invention uses not 
just the photo detector 10 or the third LED 20 as 
shown in Fig. 1 or Fig. 2 respectively, but uses a 
photo light emitting diode (PLED) which can be 
used for simultaneously receiving and transmitting 



light radiation such as IR light. 

Fig. 9 shows schematically a top view of a 
PLED chip 91. The PLED chip 91 according to this 
embodiment consist of a PD part 92 and a LED 

5 part 93 on an rectangular area which is double in 
size comparing with a conventional LED. The PD 
part 92 and the LED 93 part are arranged side by 
side on the same chip. 

An electrode 94 faces the surface of the LED 

w part 93. This electrode 94 is coupled to a first 
exterior electrode 101 by a bonding wire 102 as 
illustrated in Fig. 10. The PLED chip 91 may be 
arranged within a reflective cup 103. 

A connection to a second exterior electrode 

75 104 is made by a not shown bottom electrode of 
the PLED chip 91. The PLED 91, as illustrated Fig. 
10, is designed to be used for receiving and/or 
emitting infrared ray or modulated optical signal. 
The PLED 91 emits an electrically modulated in- 

20 frared ray and also detects an electrically modu- 
lated infrared ray. 

Fig.11, which includes the Figs 11a-11h, illus- 
trates the method for manufacturing a PLED chip. 
This method is characterised by the following 

25 steps: 

Fig. 11a: preparing (cleaning, etc.) a GaAs 
wafer 

Fig. 11b: fluid epitaxial growth 
Fig. 11c: masking for PD 
30 Fig. 11d: ZN diffusion 

Fig. 11e: mask M removal 
Fig. 1 1f: electrode formation of first elec- 
trode E by metal evaporation 
Fig. 11g: polishing rear side 
35 Fig. 11h: electrode formation of second elec- 
trode E3 by metal evaporation. 
The manufacturing process is based on a 
GaAs wafer and a fluid epitaxial growth for LED 
analogic to the first two steps of manufacturing an 
40 LED. But the process respecting to photo diode PD 
is changed so that the P + layer, which is assisting 
to increase the current density for light emission is 
not made and then only the P-N junction area 
which gives a photo current is enlarged. The third 
45 step concerns masking the half surface of layer P 
for establishing the PD part 92. The next step is Zn 
diffusion for setting up a layer P + . After mask 
removal follows an electrode formation by metal 
evaporation on a section of layer P + surface. This 
so sets up the first electrode E1. After this the next 
step is polishing rear side and then a second 
electrode formation had been done by metal evap- 
oration at the bottom side for setting up a second 
electrode E2 as shown in Fig. 11. 
55 This PLED chip can be arranged in a cup 

according to Fig. 10 and adjusted near the focal 
point 12 of the lens body 11 such that simulta- 
neous transmission and reception of rays is possi- 
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ble as well via air as via the optical fibre 15. 

It is also possible to integrate the PLED 91 in 
the lens body 11 near the levelled side 32. This 
can be realised such that IR ray is emitted into air 
and light from a beam waveguide or optical fibre is 
detected or received as shown in Fig. 12. 
Therefore the LED part 93 can be arranged in the 
centre of the lens body and opposite to the convex 
surface 31. The PD part 92 is provided such that 
reflected light from the reflective element reaches 
the PD part 92. For concentrating the reflected light 
a lens (not shown) can be provided inside the lens 
body 1 1 . 

Referring to Fig. 13 the PD 92 is arranged in 
the centre of the lens body 1 1 and the LED part 93 
is turned to reflective element 17. This is the only 
difference compared to Fig. 12 embodiment. 
Thereby it is possible that infrared ray coming from 
the air can be detected and that infrared ray or 
light can be transmitted through the optical fiber 15 
or beam waveguide simultaneously. 

In the case of PLED 91 it is more effective to 
use the modified or dual light path lens because 
the focal point of the not shown lens for the rays 
via the reflective layer RL can be placed on a 
different point than the focal point of the convex 
lens 31. 

Therefore the PLED 91 can be used for the two 
different functions as shown in Fig. 12 and Fig. 13. 

By the above explained embodiments it is pos- 
sible to transmit and to receive audio and video 
(AV) signals. Different modulation can be used in 
order to apply the simultaneous functions for both 
detection and transmission. Fig. 14 shows a dia- 
gram of signal amplitudes A in dependence on 
frequency f and gives an example of frequency 
allocation for a detection part 141 and a transmis- 
sion part 142. 

The detection part 141 includes a first fre- 
quency in the range of 40 to 400 kHz named as 
RCU for a remote control signal. A second and a 
third detection signal may be radio frequencies 
FM1, FM2 for right and left audio channel. In this 
embodiment the said frequencies are preferred in 
the range of 2.3 and 2.8 MHz respectively. 

The transmission part 142 includes for example 
a composite video signal FMCPV of about 13 MHz. 
Such frequency allocation is for example useful for 
a system illustrated in Fig. 15. The PLED 91 emits 
an electrically modulated infrared ray and also de- 
tects an electrically modulated infrared ray. There- 
fore each of frequency spectrums should not con- 
sider and their frequency allocation for modulation 
should be considered. 

Referring to Fig. 15 a not shown video signal 
source is coupled to an input terminal 151 and 
passes a video radio frequency modulator 152 
which is coupled to a base terminal of a pnp 



transistor 153. This transistor 153 drives the PLED 
91 which is coupled to the collector and the collec- 
tor path includes also a resistor 154 coupled to 
ground. Instead of the resistor 154 any other elec- 

5 trical component, such as capacitor, diode, etc 
could be used which generates a voltage in depen- 
dence on the current generated by the PLED 91. 

The joint between PLED 91 and the component 
154 is connected with a first low-pass filter 155. 

w The output terminal of said low-pass filter 155 is 
coupled via a preamplifier 156 to a second low- 
pass filter 157, to a first bandpass filter 158 and to 
a second pand pass filter 159. The low pass filter 
157 selects a remote control signal and leads it via 

75 an amplifier 160 to an according output terminal 
161. By the band pass filters 158, 159 are the 
signals of the left and the right audio channel 
selected. The selected signals are led to according 
FM demodulators 162 or 163 respectively which 

20 lead their output signals to the terminals 164 or 165 
respectively. 

This system may especially advantageous 
when a PLED is used for video signal transmission 
through a lens and audio signal and/or remote 

25 control signal detection through an optical fiber or 
beam waveguide. Such a system is especially use- 
ful for a wireless optical communication system. 

Claims 

30 

1. Method for the connection of a first device with 
a second device by light rays characterised in 
that a first part of the light rays is led from the 
first device via air to the second device and 

35 that a second part of the light rays is led at 

least partially via a beam waveguide to said 
second device. 

2. Multiple light path arrangement having light 
40 generating means (20; 93) and having guiding 

means (11, 15) for guiding the generated light 
to receiving means (21, 22), characterised in 
that said guiding means (11) include deviating 
means (17) which deviate the light by reflec- 
ts tion and/or by diffraction such that a first part 
of the generated light is led to the receiving 
means (21) essentially via air that a second 
part of the generated light is led to the receiv- 
ing means (22) at least partially via a beam 
so waveguide (1 5). 

3. Multiple light path arrangement having light 
receiving means (10; 92) and having guiding 
means (11, 15) for guiding the light to be 

55 received characterised in that said guiding 

means include a beam waveguide (15) and 
deviating means (1 7) which deviate the light by 
reflection and/or by diffraction such that optical 
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rays received as well via said beam waveguide 
(15) as via air are led to said receiving means 
(10,92). 

4. Arrangement according to claim 2 or 3, charac- 5 
terised in that the deviating means (17) are 
realised by a reflective layer (17) within a lens 
(11). 

5. Arrangement according to claim 4, characteris- 10 
ed in that said reflective layer (17) is realised 

as semi reflective layer. 

6. Arrangement according to one of the claims 2 

to 5, characterised in that said beam 15 
waveguide (15) is formed by the same material 
as a lens (11) focussing the radiation transmit- 
ted via air. 

7. Arrangement according to one of claims 2 to 6, 20 
characterised in that said deviation means (17) 

are realised as cavity (16) having a reflective 
wall for incoming and/or outgoing rays. 

8. Arrangement according to one of the claims 2 25 
to 7, characterised in that means (91) are pro- 
vided which include light generating means 

(93) and light receiving means (92). 

9. Device for controlling means (91) which in- 30 
elude first areas (93) for light generation and 
second areas (92) for light reception, said 
means (91) having common terminals (E1, E2) 

for leading as well electrical signals corre- 
sponding to the light rays to be transmitted as 35 
electrical signals corresponding to the light 
rays to be received, characterised in that 

- said device includes a transistor (Q), em- 
itter or collector of which is connected 

via said means (91) and via an electrical 40 
component (154) to ground, 

- a modulator (152) is provided which 
modulates electrical signals having infor- 
mation of the light to be transmitted into 

a first frequency range (142) which dif- 45 
fers from a second frequency range 
(141) of said signals to be received, 

- said modulated signals are led to the 
base terminal of said transistor (Q), 

- a filter (155) is connected to the common 50 
connection of said component (154) and 

said means (91 ) and that 

- the output of said filter (155) is used for 
generating an electrical signal corre- 
sponding to the information of the re- 55 
ceived optical signal. 
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namely: 

1. Claims 1-8 : Multiple light path arrangement. 

2. Claim 9 : Device for simultaneous light transmission 

and reception. 
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